We present a Chandra archival study of optically selected AGN pairs at a median redshiftz ∼ 0.1. Out of 1286 AGN pairs (with projected separations r p < 100 kpc and velocity offsets ∆v < 600 km s −1 ) optically identified from the Sloan Digital Sky Survey Seventh Data Release, we find 67 systems with archival Chandra observations, which represent the largest sample of optically selected AGN pairs studied in the Xray. Among the 67 AGN pairs, 18 systems have both nuclei detected in the X-rays, 39 have one nucleus detected in the X-rays, whereas 10 have no X-ray detection. The X-ray detection rate, 75/134=56%(±6% 1σ Poisson errors), is significantly higher than that (23/134=17%±4%) of a comparison sample of star-forming galaxy pairs, lending support to the optical AGN classification. In the conservative case where X-ray contamination from star formation is removed, the X-ray detection rate becomes 27%±4%, consistent with predictions from latest galaxy merger simulations. The 2-10 keV X-ray luminosity L 2−10 keV increases with decreasing projected separation in AGN pairs for r p 15 kpc, suggesting an enhancement of black hole accretion even in early-stage mergers. On the other hand, L 2−10 keV appears to decrease with decreasing projected separation at r p 15 kpc, which is contradictory to predictions from merger simulations. The apparent decrease in L 2−10 keV of AGN pairs at r p 15 kpc may be caused by: (i) enhanced absorbing columns from merger-induced gas inflows, (ii) feedback effects from early-stage mergers, and/or (iii) small number statistics. Future X-ray studies with larger samples are needed to put our results on firmer statistical ground.
INTRODUCTION
Galaxy mergers and close interactions have long been recognized to have played a vital role in shaping the structure and morphology of galaxies (e.g., Zwicky 1956; Vorontsov-Velyaminov 1959; Toomre & Toomre 1972; Khachikian 1987; Sanders et al. 1988 ; Barnes & Hernquist 1992 ) and particularly the cores of ellipticals (e.g., Faber et al. 1997; Graham 2004; Merritt et al. 2004; Lauer et al. 2005; Kormendy et al. 2009 ). They are thought to drive accretion in the central supermassive black holes (SMBHs ; Hernquist 1989; Norman & Scoville 1988; Moore et al. 1996; Ciotti & Ostriker 2007; Ciotti et al. 2010) , fueling at least some Active Galactic Nuclei (AGNs). However, the causal link between galaxy interactions and AGNs has been highly controversial. The details of AGN feeding, and in particular, the role of mergers, may be radically different at high and low accretion rates (e.g., Ho 2008; Treister et al. 2012; Hopkins et al. 2014; Villforth et al. 2017; Donley et al. 2018) .
One fundamental question in the study of AGNs is the mechanism for triggering their growth. For quasars (i.e., high-luminosity AGNs), one hypothesis is that they are triggered by gas-rich major mergers between galaxies (the "merger hypothesis"; Sanders & Mirabel 1996; Kauffmann & Haehnelt 2000; Hopkins et al. 2008 ). In the hierarchical ΛCDM paradigm, small structures merge to form large structures, and the merger rate of dark matter halos peaks at early times (Bell et al. 2006) , in broad consistency with the observed peak of bright quasar activities (e.g., Richards et al. 2006 ). Gas-rich major mergers (i.e., those between galaxies of comparable mass and with plenty of gas) provide an efficient mechanism for channelling a large amount of gas into the central region, triggering starbursts and rapid black hole growth (e.g., Hernquist 1989; Mihos & Hernquist 1996; Di Matteo et al. 2005) . Observationally, the merger hypothesis is supported by the connection between quasars and ultraluminous infrared galaxies (ULIRGs; e.g., Sanders & Mirabel 1996) , by signatures of recent mergers in quasar hosts (e.g., Bahcall et al. 1997; Bennert et al. 2008) , and by the small-scale over-densities of galaxies around luminous quasars and quasar pairs (e.g., Bahcall et al. 1997; Serber et al. 2006; Hennawi et al. 2006; Myers et al. 2008; . While these observations do not necessarily prove that mergers are directly responsible for quasar triggering, they suggest that quasar activity is coincident with mergers in many cases. Indeed, merger-based phenomenological models can reproduce virtually all the statistical properties of quasars (e.g., Hopkins et al. 2008; Shen 2009) .
However, at lower AGN luminosities (i.e., L bol 10 45 erg s −1 ), the causal link between mergers and AGN triggering has been elusive. Some observations found an excess of close neighbors in AGN host galaxies or a higher fraction of AGNs in interacting than in isolated galaxies (e.g., Petrosian 1982; Hutchings & Campbell 1983; Dahari 1984; Kennicutt & Keel 1984; Keel et al. 1985; Bahcall et al. 1997; Serber et al. 2006; Koss et al. 2010; Silverman et al. 2011; Ellison et al. 2011; Liu et al. 2012) whereas others detected no significant difference (e.g., Dahari 1985; Schmitt 2001; Miller et al. 2003; Grogin et al. 2005; Waskett et al. 2005; Pierce et al. 2007; Ellison et al. 2008; Li et al. 2008; Darg et al. 2010; Villforth et al. 2014 Villforth et al. , 2017 . Because less fuel is required, secular processes such as instabilities driven by bars and minor mergers, may be sufficient to trigger low-luminosity AGNs (e.g., Hopkins et al. 2014; Menci et al. 2014) . One important goal in AGN studies is to distinguish between different fueling routes, i.e., violent major-mergers versus secular processes, and to assess their relative contributions as functions of redshift and AGN luminosity.
Binary SMBHs are thought to be a generic outcome in the hierarchical paradigm of structure formation (Begelman et al. 1980; Milosavljević & Merritt 2001; Yu 2002) , given that most massive galaxies harbor SMBHs (Kormendy & Richstone 1995; Richstone et al. 1998) . Binary SMBHs have
In this paper, we present an X-ray study of a parent sample of 1286 [O III]-selected (including both type 1s, i.e., unobscured and type 2s, i.e., obscured) AGN pairs at redshift z ∼ 0.1 matched against the Chandra X-ray data archive. Our targets were optically selected from the SDSS DR7 (Abazajian et al. 2009 ) by Liu et al. (2011b) which represent the largest sample of optically selected AGN pairs. Both the nuclei of each of these galaxy mergers are optically classified as type 2 or type 1 AGNs 1 . The optical classification for the two nuclei is based on their individual optical spectra from the SDSS, which exhibit optical diagnostic emission line ratios indicative of AGN (including both Seyferts and LINERs) and/or AGN-H II composites. We use the X-ray data from Chandra to examine the nature of the ionizing sources in each system and measure the intrinsic X-ray luminosity for each nucleus. Our results provide the most statistically significant evidence for the elusive link between mergers and AGN in the X-rays. A large sample and a large dynamic range in merger separation are both crucial for discovering any subtle separation-dependent effects expected in the moderate AGN luminosity regime (e.g., Liu et al. 2012) .
In addition, we present an X-ray census of (i) a parent sample of ∼ 10 4 SDSS star-forming galaxies with close companions and (ii) a parent sample of ∼ 10 5 SDSS single AGNs in isolated galaxies. These will be compared with the X-ray properties of optically selected AGN pair sample to put our results into context.
The paper is organized as follows. Section 2 describes our sample selection of the optical selected AGN pairs with archival X-ray observations and the construction of the comparison sample of starforming galaxy pairs and the control sample of single AGNs in isolated galaxies. We present our method and analysis in Section 3 and the results in Section 4. Finally, we discuss the implications of our results in Section 5 and summarize in Section 6. Throughout this work, we quote errors at 68% confidence level unless otherwise noted.
SAMPLE SELECTION

Optically Selected AGN Pairs with Archival Chandra Observations
We start from the 1286 optically selected AGN pairs or multiples at a median redshiftz ∼ 0.1 from Liu et al. (2011b) . It was selected with projected separations r p < 100 kpc and line-of-sight velocity offsets ∆v < 600 km s −1 from a parent sample of 138,070 AGNs spectroscopically identified based on their optical diagnostic emission-line ratios (i.e., the BPT diagram Baldwin et al. 1981; Veilleux & Osterbrock 1987; Kewley et al. 2001 ) and widths from the SDSS DR7 (Abazajian et al. 2009 ). We cross-matched this sample with the Chandra X-ray data archive for observations taken with the Advanced CCD Imaging Spectrometer (ACIS) which are publicly available as of May 2019. We requested both AGNs in a pair fall within 8 from the aimpoint and are covered by the ACIS field-of-view (FoV) to ensure both the observability and optimal angular resolution. We then visually checked all the matched targets, further excluding AGN pairs that fall on the ACIS-S4 CCD and a confirmed triple AGN (SDSS J0849+1114) recently discovered by Liu et al. 2019 , see also Pfeifle et al. 2019a .
Our final sample consists of 67 AGN pairs with Chandra archival observations from the optically selected AGN pairs. Among them, 22 pairs are observed as the prime target. These include one triple AGN candidate optically identified by Liu et al. (2011a) 2 and five systems of AGN pairs studied by Hou et al. (2019) . The remaining 45 pairs were serendipitously observed. We address potential selection bias and incompleteness in §5.
Comparison and Control Samples
To put into context the X-ray detection rate of optically selected single/dual AGNs, we construct a comparison sample of star-forming galaxy (SFG) pairs from the SDSS legacy survey. These galaxy pairs are identified with the same criteria of projected separations r p < 100 kpc and velocity offsets < 600 km s −1 , but are spectroscopically classified as H II nuclei using the BPT diagram. We have visually inspected all the pairs with small separations (<5-10 kpc) to remove interlopers due to multiple fiber positions within the same galaxy with ∼3000 SFG pairs left. We then cross-matched this parent list with the Chandra archive using the same criteria as for the AGN pairs. This resulted in a sample of 67 SFG pairs (the number is just coincidentally identical with the number of AGN pairs basically due to the non-survey nature of Chandra observations). There are only 2 SFG pairs with r p < 8 kpc, in contrast to 15 AGN pairs with r p < 8 kpc, which may be due in part to a selection bias (i.e., most close AGN pairs were covered by targeted Chandra observations).
To study the effects of merger-induced accretion, we also draw a control sample of 115 single AGNs in isolated galaxies with Chandra observations that are matched to each nucleus of the AGN pairs in redshift (∆z ≤ 0.004) and stellar mass (logM * ≤ 0.05). The isolated galaxies are defined as galaxies without any companion within a projected distance of 100 kpc. In cases where more than one matches are available for a given nucleus, we randomly pick one of them. The rest, 134−115=19 nuclei in AGN pairs do not have matched single AGNs, either because their stellar mass is undetermined, or because the otherwise matched single AGNs have not been observed by Chandra. Figure 1 shows the stellar mass and redshift distributions of the AGN pairs and those of the comparison and control samples. The AGN pairs have a median redshiftz ∼ 0.05 and a median stellar mass M * ∼ 4.9 × 10 10 M . The control sample of single AGNs in isolated galaxies has similar redshift and stellar mass distributions, which ensures that any difference observed between the AGN pair and the single AGN samples will not be subject to redshift and/or mass-dependent biases. On the other hand, the comparison sample of SFG pairs, while also having a similar redshift distribution as the AGN pairs, has a systematically smaller stellar mass distribution. This may be partially due to an intrinsic difference between SFGs and the host galaxies of AGNs, because typical AGN host galaxies tend to be more massive than typical SFGs (e.g., Kauffmann et al. 2003) .
METHOD AND ANALYSIS
Chandra Data Reduction
We reprocessed the archival Chandra data for all samples using CIAO v4.8 with the calibration files of CALDB v4.7.0 following standard procedures 3 . For targets with more than one observations that match our selection criteria, we adopted the one with the longest exposure. We examined the light curves and filtered time intervals of significant particle background. The effective exposure time of each target ranged from 1.8 ks to 123.1 ks. For each observation, we produced counts, exposure, and point-spread-function (PSF) maps on the original pixel scale (0. 492 pixel −1 ) in the 0.5-2 (S), 2-8 (H), and 0.5-8 (F ) keV bands. We have weighted the exposure maps by a fiducial incident spectrum, which is an absorbed power-law with a photon-index of 1.7 and an intrinsic absorption column density N H = 10 21 cm −2 . To ensure optimal sensitivity and accurate positioning for source detection, we have only used the data from the I0, I1, I2 and I3 CCDs for the ACIS-I observations and the S2 and S3 CCDs for the ACIS-S observations. Table 1 lists the basic properties of AGN pairs. These include the SDSS name, celestial coordinates, redshift, projected separations r p , stellar mass, total [O III] flux (uncorrected for contribution from star formation), star formation rate estimates taken from the MPA-JHU DR7 catalog 4 , the Chandra observation ID, the Chandra instrument in use, and the effective X-ray exposure time.
X-ray Source Detection
We performed X-ray source detection in the 0.5-2, 2-8, and 0.5-8 keV bands for each observation using the CIAO tool wavdetect. We follow the method described in Hou et al. (2017) and Jin et al. (2019) . We have supplied the exposure and 50% enclosed count fraction (ECF) PSF maps and have adopted a false detection probability of P ≤ 10 −6 . We have detected a total of 2223 independent X-ray sources in the F band, 1740 in the S band, and 1141 in the H band across the full field of view (FOV). We have also produced the sensitivity maps, which recorded the detection limit at each pixel (Kashyap et al. 2010) . We have derived the detection limit at the position of each nucleus from the sensitivity maps. Table 1 lists the F band detection limit of each target. It ranges between 5.2 × 10 −7 and 8.7 × 10 −6 ph s −1 cm −2 . Figure 2 shows the distributions of the detection limit for the three samples, which have been converted to the 0.5-8 keV intrinsic luminosity (see below for details). There is no significant difference in the detection limit among the three samples.
We use the CIAO tool aprate to calculate the net photon fluxes within the 90% enclosed count radius (ECR) for each detected point source in individual bands. In the few cases when two neighboring sources have overlapping 90% ECR, we adopt a 50% ECR for photometry. We have subtracted the local background and have corrected for effective exposure and the ECF. The typical background region has been chosen to be between 2 to 5 times the 90% ECR with any detected X-ray sources removed in the region.
Assuming the incident power-law spectrum (i.e., with a photon-index of 1.7 and an intrinsic absorption column density N H = 10 21 cm −2 ), we have adopted a photon flux-to-intrinsic energy flux conversion factor of 2.2 × 10 −9 erg s −1 cm −2 /(ph s −1 cm −2 ), 7.6 × 10 −9 erg s −1 cm −2 /(ph s −1 cm −2 ), and 3.6 × 10 −9 erg s −1 cm −2 /(ph s −1 cm −2 ) in the 0.5-2, 2-10, and 0.5-8 keV band. We have applied a K-correction appropriate for sources at different redshifts. To facilitate a direct comparison with previous studies, we have adopted a moderate extrapolation from the 2-8 keV to the 2-10 keV in the luminosity calculation. The assumed canonical absorption column density of 10 21 cm −2 , while suitable for off-nuclear sources such as X-ray binaries, may be an underestimate for the nuclei if there is substantial intrinsic obscuration. The true 2-10 keV luminosity could be significantly higher than being reported here, but as we discuss below, this likely only affects a small fraction of the nuclei in our sample.
We adopt the same source detection procedures for the Chandra observations of the comparison and control samples. We have detected a total of 3960 independent sources in the F band, 3223 sources in the S band, and 2023 sources in the H band in the fields of single AGNs in isolated galaxies, and a total of 2147 independent sources in the F band, 1658 sources in the S band, and 1115 sources in the H band in the fields of SFG pairs. The majority of the detected sources may be due to the cosmic X-ray background or the Galactic foreground (e.g., Hou et al. 2017) . A small fraction of the detected sources may also be associated with high-mass X-ray binaries possibly related to merger-induced star formation. We focus our discussion below on the detected nuclear X-ray sources and defer a detailed analysis of the off-nuclear sources to future work.
Identification of X-ray Counterparts
We search for X-ray counterparts of the AGN pairs from the list of detected sources using a matching radius of 2 . This is chosen in view of the angular resolution of the SDSS imaging and the 90% ECR of Chandra in most cases. We have performed a random matching test by artificially shifting the positions of all nuclei by ±10 in R.A. and Dec., which results in zero coincident match. As long as an optical nucleus is matched in any of the three energy bands, we consider it detected in the X-rays. For the nuclei that are not automatically picked up by wavdetect, we use the CIAO tool aprate to examine the 3-σ lower limit of X-ray flux at the optical nucleus position, following the procedures described in §3.2. If the flux lower limit is greater than zero, the source is regarded as an X-ray detection. From this procedure we have 12 additional nuclear X-ray sources detected in the F band, 11 sources in the S band, and 5 sources in the H band. For the non-detected nuclei, we derive the 3-σ flux upper limit using aprate. We have thus identified 74 nuclei with X-ray counterparts.
Visual inspection further identifies one additional nucleus, J122628.28+090126.4, whose SDSS fiber position deviates slightly from the true optical nucleus. A bright X-ray point source is found to be coincident with the nucleus and we include it as an X-ray-detected nucleus.
In summary, we have identified 75 nuclei with X-ray counterparts in total. Among them, 72 nuclei are detected in the F band, 69 nuclei in the S band, and 47 nuclei in the H band. Table 2 lists the net counts, 0.5-2 keV and 2-8 keV fluxes, and 0.5-2 keV and 2-10 keV intrinsic luminosities for the 75 X-ray-detected nuclei. In the few cases where the X-ray centroids of the nucleus differ significantly in different bands (e.g., the centroid may be problematic because of diffuse X-ray emission in the S band or low count levels in the H band), we take the F band centroid as the fiducial value and refine the photometry for the other bands. We have also identified X-ray nuclei in the control and comparison samples following the same procedure. Table 3 summarizes the X-ray detection rates. Among the sample of 67 optically selected AGN pairs with X-ray observations, 18 AGN pairs (i.e., 27% ± 6%) have both nuclei detected, 39 AGN pairs have only one of the two nuclei detected, and 10 AGN pairs have no X-ray detection. Figure 3 displays the SDSS optical gri color-composite images and the Chandra X-ray images of the 18 AGN pairs with both nuclei detected in the X-rays. We find an X-ray detection rate of 56% ± 6% (75/134) among the 67 AGN pairs. In the subsample of AGN pairs with r p 10 kpc, the X-ray detection rate is 47% ± 7% (44/94). In the subsample of AGN pairs with r p 10 kpc, the X-ray detection rate is significantly larger, 78% ± 14% (31/40). In the more conservative case where we only consider X-ray counterparts with L 2−10 > 10 41 erg s −1 as clearly detected AGNs (see discussion in §4.2), the X-ray detection rate becomes 27% ± 4% (36/134) with 36 nuclei detected in the H band.
RESULTS
X-ray Detection Rates
We find an X-ray detection rate of 57% ± 7% (66/115) in the control sample of single AGNs in isolated galaxies. There are 60 nuclei detected in the F band, 58 nuclei in the S band, and 36 nuclei detected in the H band. This is consistent with the X-ray detection rate in AGN pairs within uncertainties. Our result suggests that the X-ray properties of optically selected AGN pairs are similar to those of optically selected single AGNs at least at z∼0.1.
On the other hand, we find a significantly lower X-ray detection rate of 17% ± 4% (23/134) in the comparison sample of SFG pairs. There are 22 nuclei detected in the F band, 20 nuclei detected Figure 4 shows the optical and X-ray images of the 5 SFG pairs with both nuclei detected in X-rays. For the subsample of 78 nuclei among the SFG pairs with stellar masses > 10 9 M , which has a more similar stellar mass distribution to that of the AGN pairs, the X-ray detection rate is 21% ± 5% (16/78). This is still much lower than that of the AGN pairs (56% ± 6%, which is again 56% ± 7%, or 67/120, if we focus on AGN pairs with stellar masses > 10 9 M ). This indicates that the X-ray emission from the AGN pairs has a minor contribution from star-formation-related processes. We address X-ray contamination from star-formation-related process further in §4.3. The X-ray flux detection limit is highly inhomogeneous in our sample, which is primarily caused by the different exposure times of different systems (Table 2 and Figure 2 ). This may introduce selection biases into the resultant X-ray detections. For instance, we would have missed faint sources below the detection limit. We would also have been more likely to detect systems with targeted observations. To quantify this sytematics, we examine the subsamples with an X-ray luminosity detection limit of L 0.5−8,lim < 10 41.2 erg s −1 . This threshold is chosen based on a two-sample Kolmogorov-Smirnov (K-S) test between the AGN pairs and the control and comparison samples. The significance level (probability of homogeneity) of the K-S statistic is 0.87 between AGN pairs and single AGNs and is 0.69 between AGN pairs and SFG pairs, respectively. This ensures a more homogeneous distribution between different samples and reduces the selection bias. These subsamples have 114 AGN pairs, 94 single AGNs, and 90 SFG pairs. Their X-ray detection rates are 57% ± 7% (65/114), 63% ± 8% (59/94), and 22% ± 5% (20/90). The X-ray detection rate in the AGN pairs remains the same, while those in the single AGNs and SFG pairs increase slightly. Nevertheless, our conclusion on the comparison among different samples still holds. We discuss the implications of the X-ray detection rates in §5.
Global X-ray Properties
The left panel of Figure 5 shows the 2-10 keV intrinsic luminosity (L 2−10 ) against hardness ratio of all the X-ray-detected nuclei in the AGN pairs and the control and comparison samples. Table 1 lists the hardness ratio, which is defined as HR = (H -S)/(H + S). It is calculated from the observed counts in the S (0.5-2 keV) and H (2-8 keV) bands using a Bayesian approach (Park et al. 2006) . For sources that are not detected in the H band but are detected in the other two bands, we show the 3-σ upper limit of L 2−10 in the plot. About forty sources, exclusively and about equally from the AGN pairs and single AGNs, are found at the top right portion with high luminosities (L 2−10 10 41.2 erg s −1 ) and positive hardness ratios (HR 0.1); these are most likely genuine AGNs. Their hardness ratios suggest a moderately high absorption column density of 10 22−23 cm −2 .
In contrast, a substantial fraction of sources are found at the bottom left portion with relatively low L 2−10 (or H band non-detections) and negative HR; these include the majority of SFG pairs and a similar number of AGN pairs and single AGNs, indicating that the X-ray emission of these nuclei are more likely dominated by star formation activity rather than an AGN. However, it is still possible that some of these soft, under-luminous sources host an AGN in the center, but the hard X-ray emission is totally obscured due to a very high column density (i.e., Compton thick), leaving only circumnuclear soft X-ray emission falling within the Chandra aperture.
There are very few classical AGNs found among all the X-ray-detected nuclei, with all but four sources having L 2−10 > 10 43 erg s −1 . This is further evidenced by the right panel of Figure 5 , which plots the X-ray Eddington ratio against hardness ratio for sources that have a reliable estimate of the black hole mass (inferred from σ * assuming the M BH -σ * relation from Gültekin et al. 2009 ). Only four X-ray nuclei, one from AGN pairs and three from single AGNs, have an X-ray Eddington ratio of 1%.
X-ray Contribution from Star Formation
Even in the absence of an AGN, circumnuclear star formation can produce copious X-ray emission, primarily attributed to high-mass X-ray binaries and diffuse hot gas heated by supernovae. We use independent SDSS spectroscopic star formation rates (SFR) given by the MPA-JHU DR7 catalog (listed in Table 1 ) to estimate the X-ray luminosity contributed from star formation. We adopt the empirical relation of Ranalli et al. (2003) given by,
which has an rms scatter of 0.27 dex and 0.29 dex in the 0.5-2 keV and 2-10 keV band, respectively. Figure 6 shows the comparison between the measured X-ray luminosity and the empirical X-ray luminosity due to star formation in the two bands. The left panel shows that the majority of AGN pairs and single AGNs are located above the empirical relation, indicating that star formation contributes little to the observed 0.5-2 keV emission from these nuclei. However, there is still a significant fraction of AGN pairs overlapping with the SFG pairs, with a notable fraction of the latter sitting above the empirical relation. This may suggest either an underestimate of star formation contribution by the calibration of Ranalli et al. (2003) (e.g., due to a redshift-dependent effect), or the presence of an optically hidden AGN that moderately contributes to the soft X-ray emission.
The right panel shows that the predicted contribution from star formation for almost all AGN pairs (as well as single AGNs) is well below the measured 2-10 keV luminosity. The SFG pairs are well separated from the AGN pairs, with only few SFG pairs firmly detected in this band. We have also compared the prediction of Ranalli et al. (2003) with the empirical correlation between 2-10 keV luminosity L gal HX , SFR, and stellar mass from Lehmer et al. (2010) , given by L gal HX = αM * + βSFR,
where α = (9.05 ± 0.37) × 10 28 erg s −1 M −1 and β = (1.62 ± 0.22) × 10 39 erg s −1 (M yr −1 ) −1 . The calibration was based on a sample of 17 LIRGs. The X-ray emission includes both the contribution from high-mass X-ray binaries and low-mass X-ray binaries. The predicted 2-10 keV luminosities are consistent within uncertainties between AGN pairs and SFG pairs. This suggests that the 2-10 keV emission of AGN pairs (as well as single AGNs) is dominated by genuine AGN activity. Single AGNs tend to have a lower SFR than the AGN pairs, which may indicate that the X-ray emission from single AGNs are even less effected by star formation.
In view of the above, we consider X-ray nuclei with L 2−10 > 10 41 erg s −1 as genuine AGNs. In this more conservative case, the X-ray detection rate is 27% ± 4% for AGN pairs, 23% ± 5% for single AGNs, and 1% ± 1% for SFG pairs (Table 3) . Below we focus our discussion on the 2-10 keV band. 
Comparison with [O III] Luminosity
The relation was calibrated based on both optically-selected Type 1 and Type 2 Seyferts after extinction correction. Objects in our sample of single AGNs are consistent with the empirical relation at least over the range of 10 39 erg s −1 L [O III] 10 41 erg s −1 , where the majority of single AGNs are found. On the other hand, the AGN pairs on average lie below the empirical relation, which indicates a systematically smaller X-ray-to-[O III] luminosity ratio in AGN pairs than in single AGNs in isolated galaxies.
Previous work based on smaller samples has found evidence for a systematically smaller hard-X-rayto-[O III] luminosity ratio in optically selected dual AGNs than in single AGNs (e.g., Liu et al. 2013; Hou et al. 2019) . With a much larger sample of AGN pairs, we here confirm the X-ray weak tendency in optically selected AGN pairs. This puts the result on firmer statistical ground. Moreover, among the ∼60 nuclei in AGN pairs found below the empirical line, roughly half have r p 10 kpc and half have r p 10 kpc. Finally, the SFG pairs are almost exclusively located below the AGN relation, which is consistent with the picture where star-formation-related processes produce systematically weaker X-ray emission at a given [O III] luminosity.
Comparison with Mid-Infrared Luminosity
The right panel of Figure 7 compares the 2-10 keV luminosity with the mid-infrared (MIR) 12 µm luminosity. The 12 µm luminosity was derived from the WISE survey (Wright et al. 2010) . Shown for context is an empirical relation (the solid line) between the X-ray and MIR luminosities of a sample of local Syferts of both Type 1 and Type 2 (Gandhi et al. 2009 ) given by, log(L 12µm /10 43 erg s −1 ) = (0.19 ± 0.05) + (1.11 ± 0.07) log(L 2−10 /10 43 erg s −1 ).
The MIR emission is thought to arise from the torus reprocessing the AGN radiation. Nearly all AGN pairs fall below the empirical relation found in single AGNs by up to ∼2 dex for a given 12 µm luminosity. This appeas to suggest that our 2-10 keV luminosity is significantly underestimated, e.g., due to strong obscuration caused by a merger-driven gas concentration effect. However, we argue that this is unlikely for two reasons. First, the observed X-ray hardness ratio suggests that only a small number of nuclei in AGN pairs have an absorption column density close to 10 23 cm −2 ( Figure 5 ), at which level the 2-10 keV luminosity would only be decreased by ∼0.4 dex (e.g., Satyapal et al. 2017) . Second, there is no systematic difference between the X-ray harness ratio distributions of AGN pairs and single AGNs, which indicates no systematic excess in the X-ray obscuration in AGN pairs relative to single AGNs.
A more plausible explanation is an excess MIR luminosity due to contamination by the host galaxy, since the WISE aperture (FWHM 6 − 12 ) is significantly larger than the Chandra PSF. This is supported by the fact that the SFG pairs have similar 12 µm luminosities to those seen in the AGN pairs. For instance, a typical SFR of 10 M yr −1 can account for a 12 µm luminosity of 10 43.5 erg s −1 , according to the L 12µm -SFR relation of Donoso et al. (2012) , log(L SF 12µm /erg s −1 ) = 0.987 log(SFR/M yr −1 ) + 42.5.
This can be further translated into a L SF 2−10 − L SF 12µm relation assuming that both luminosities are due to star formation (Gross et al. 2019) , which is shown by the dashed line in the right panel of Figure  7 . Those AGN pairs with L 2−10 10 41 erg s −1 may suffer from an overestimation of the AGN MIR luminosity due to contamination from star formation.
AGN X-ray Luminosity versus Projected Separation
The sizable sample of AGN pairs allows us, for the first time from an X-ray perspective, to examine the causal link between AGN activity and pair separation, which has been suggested by simulations of galaxy merger (e.g., Rosas-Guevara et al. 2019). The projected pair separation is used as a proxy for the merger phase, where larger (smaller) r p represents the earlier (later) stage of a merger. Figure 8 shows the 2-10 keV luminosity or upper limits for non-detected sources as a function of projected separations r p for AGN pairs and the comparison sample of SFG pairs. Perhaps the most surprising finding is the paucity of X-ray luminous nuclei at small separations (r p 4 kpc). Moreover, a clear trend is revealed when we bin the AGN pairs by their separations to reduce the scatter in the mean. The mean X-ray 2-10 keV luminosity of each r p -bin is calculated using Astronomy SURVival Analysis (ASURV; Feigelson & Nelson 1985) , which takes both detections and upper limits into account. For targets with r p 20 kpc, the mean X-ray 2-10 keV luminosity declines as r p decreases. This trend is the opposite to that seen in the [O III] luminosity versus r p relation in AGN pairs (Liu et al. 2012 , see also below) and that seen in single AGNs in galaxy pairs (e.g., Ellison et al. 2011) . The mean X-ray 2-10 keV luminosity of the innermost bin (r p 4 kpc) is significantly lower than the mean luminosity averaged over all single AGNs (also calculated with ASURV; represented by the blue lines in Figure 8 ). The mean X-ray luminosity also decreases as r p increases from ∼20 kpc beyond until about 100 kpc, which is the largest separation spanned by our samples. We should note that in calculating the mean luminosities in Figure 8 , we have excluded the three most luminous nuclei (> 3 × 10 43 erg s −1 ), because they seem to be outliers. But the overall trend remains qualitatively unchanged if these three nuclei were included. We have tested systematic effects the inhomogeneous detection limits by including only those pairs with a detection limit of L 0.5−8,lim < 10 41.2 erg s −1 (see also §4.1). The overall trend stays unaffected using this homogeneous detection limit.
For the SFG pairs, due to the lack of X-ray detected nuclei (6 sources) particularly at r p 4 kpc, we only have four bins with available mean 2-10 keV luminosities. Nevertheless, the trend in the SFG pair sample is still generally flat. The mean X-ray 2-10 keV luminosities are much lower than those in both AGN pairs and single AGNs. Figure 9 shows the mean [O III] luminosity as a function of projected separation r p . We use the mean value to be consistent with the above analysis of the X-ray luminosity. For all AGN pairs with Chandra observation, the mean [O III] luminosity increases with decreasing separation. This increasing trend extends until the innermost bin at r p ∼ 4 kpc, which is much more inward than that seen in the X-ray luminosity. The separation dependence flattens out at large r p ( 30 kpc). There was no declining trend in the innermost bin in a similar plot of Liu et al. (2012) . There are two possible reasons for this difference. First, the [O III] luminosity quoted in Liu et al. (2012) has been corrected for contribution from star formation following the procedure of Kauffmann & Heckman (2009) . Second, we quote mean values here whereas median values were quoted in Liu et al. (2012) and the difference may be due to small number statistics. The innermost bin is highly incomplete due to the angular resolution limit of SDSS imaging (∼2 corresponding to ∼4 kpc at redshift z∼0.1).
Three Newly Discovered X-ray Dual AGN Systems
Our X-ray survey has uncovered three new dual AGN systems whose X-ray properties have not been reported in the literature. Below we discuss these systems in detail. 4 lists their physical measurements.
SDSS J1450−0002 The separation of this AGN pair is 2.3 kpc as shown in Figure 3 . Both galaxies in the merger are optically classified as H II/AGN composites or LINERs. The SW nucleus (J1450-0002a) is detected in both the S and H bands, whereas the NE nucleus (J1450-0002b) is detected in the F band only. For the SW nucleus, the comparison between the observed to the expected star-formation-induced X-ray luminosities (Table 4 ) are consistent with the AGN scenario. For the NE nucleus, on the other hand, the upper limits of the X-ray luminosity in the S and H bands are still consistent with the presence of an additional AGN, although the possibility that one AGN in the NW nucleus ionizes gas in both galaxies cannot be ruled out.
SDSS J0858+1822 This is a candidate triple AGN system. But the third nucleus is not included in SDSS DR7. The separation (3.3 kpc) of this system is calculated between nuclei A and B as shown in Figure 3 . The NE nucleus (J0858+1822b) in the merger is optically classified as a Type 2 Seyfert whereas the SW nucleus (J0858+1822a) a Type 2 Seyfert or a LINER. Both NE and SW nuclei are detected in the S band only. However, the X-ray counterpart of SW nucleus looks more likely correlated to a third nucleus between pairs. For both nuclei, the observed X-ray luminosities are similar to those expected from star formation-induced X-ray luminosities (Table 4) , although an additional AGN component cannot be ruled out given significant uncertainties in the estimate.
SDSS J1414−0000 The separation of this AGN pair is 4.9 kpc as shown in Figure 3 . The SW nucleus (J1414-0000a) in the merger is optically classified as a Type 2 Seyfert whereas the NE nucleus (J1414-0000b) a H II/AGN composite. Both nuclei are detected in both the S and H bands and are luminous. For both nuclei, the expected star-formation-induced X-ray luminosities are too low to explain the observed values in both the S and H bands (Table 4) , consistent with the AGN scenario.
DISCUSSION
The current work represents the first to study the effects of mergers in optically selected AGN pairs from an X-ray perspective in a statistically meaningful sense. Previous studies based on the parent sample of optically-selected AGN pairs has found evidence for tidally enhanced AGN in both AGN pairs (e.g., Liu et al. 2012 ) and in single AGNs in galaxy pairs (e.g., Ellison et al. 2011 ). These studies, however, have adopted the [O III] luminosity as an indicator for AGN luminosity. As discussed in §1, the X-ray band provides not only an independent but also a more direct and robust diagnostic of AGN. This is especially helpful for the regime of low luminosity/low Eddington ratio characteristic of the current sample, where the casual link between mergers and AGN has been controversial and more difficult to probe due to the competition of secular processes (e.g., Liu et al. 2012) .
Our X-ray census enriches this picture in two aspects. First, the X-ray detection rate in AGN pairs is substantially higher than that in SFG pairs, which holds true for the whole sample as well as several sub-samples constructed to test various systematics ( §4.1 and Table 3 ). In the more conservative case where a genuine AGN is required to have an X-ray 2-10 keV luminosity greater than 10 41 erg s −1 , the detection rate is ∼27%. The X-ray detection rate provides a useful constraint for the triggering of AGN pairs, which is the subject of several recent theoretical studies (Capelo et al. 2017; Rosas-Guevara et al. 2019; Solanes et al. 2019; Yang et al. 2019a ). For instance, using a suite of major merge simulations, Solanes et al. (2019) predicted an abundance of 5% − 30% weakly accreting AGN pairs (i.e., with bolometric luminosities 10 43 erg s −1 ) under an observational condition tailored to match the selection criteria of our parent sample (Liu et al. 2011b ). While current simulations generally cannot self-consistently predict the accretion-induced X-ray luminosity, our X-ray detection rates appear to be broadly consistent with predictions from simulations. Second, the X-ray detection rate is statistically indistinguishable between the samples of AGN pairs and single AGNs in isolated galaxies. Moreover, the samples of single AGNs and AGN pairs span a similar range in X-ray luminosity and Eddington ratio ( Figure 5) . This underscores the challenge in distinguishing the roles of galaxy-galaxy interaction and internal, secular processes in triggering and maintaining a moderate level of SMBH accretion. Our result is consistent with the picture where the overall weak enhancement in AGN luminosity/Eddington ratio observed in optically-selected close AGN pairs represents enhanced BH accretion on top of a background of low-level AGN driven by secular processes not directly associated with galaxy interactions (Liu et al. 2012) .
Nevertheless, the mean 2-10 keV luminosity as a function of projected separation shown in Figure 8 does suggest that galaxy-galaxy interactions do affect the X-ray emission. The increase in the X-ray luminosity as r p decreases from r p 50 kpc to r p ∼ 20 kpc may be evidence for enhanced SMBH accretion at the first pericentric passage at the early stage of a merger, consistent with predictions from simulations (e.g., Rosas-Guevara et al. 2019) . The decrease of the X-ray luminosity from r p ∼ 15 kpc inward, however, is rather surprising. This appears to be contradictory to expectations from simulations, where tidal torques would funnel more gas into the center to drive stronger SMBH accretion as observed in [O III] luminosity (e.g., Liu et al. 2012) .
In addition to small number statistics, there are at least two other possibilities to explain the decrease of X-ray luminosity at the smallest separations. First, merger-induced gas inflows could become so strong that a central concentration of cold gas heavily obscures even the hard (2-10 keV) X-rays. Indeed, there is growing evidence for heavily obscured close AGN pairs on kpc-scales (e.g., Satyapal et al. 2017; Pfeifle et al. 2019b ). The systematically lower X-ray-to-[O III] luminosity ratio in the AGN pairs ( §4.4) may also be a merger-driven gas concentration effect. This would preferentially obscure the X-rays which originate from regions closer to the SMBH than the [O III] emission. However, a low X-ray-to-[O III] luminosity ratio is found in AGN pairs of both small and large separations. Therefore, other factors such as a selection bias in the [O III] luminosity cannot be completely ruled out (e.g., Liu et al. 2013) .
Second, AGN feedback triggered by the first pericentric passage could act to heat and expel gas from the central region and suppress subsequent SMBH accretion. Our results may be compared with merger simulations incorporating the effect of AGN feedback. The effect of feedback in AGN pairs can in principle be tested using direct tracers such as the circumnuclear diffuse hot gas and/or outflows of ionized gas. In fact, in an appreciable fraction of AGN pairs studied here, we find clear evidence for the presence of circumnuclear diffuse X-ray emission (such as in J1213+0248, J1338+4816 (i.e., Mrk266), J0853+1626, J1504+2600, etc. in Figure 3 ), , which may be related to AGN feedback. We defer a systematic study of diffuse X-ray emission around AGN pairs to future work.
Finally, we discuss the caveats and limitations of our results. While representing the currently largest sample of X-ray-detected AGN pairs matched from an optically selected sample, it is still subject to small number statistics. Future X-ray observations with much larger samples are needed to put our results on firmer statistical ground. The current sample is also strongly biased toward AGN pairs with close separations (20 of the 67 pairs have r p 10 kpc), due to the fact that essentially all targeted Chandra observations were for close pairs. Only ∼70% of our archival sample were observed by chance and would be free from a selection bias. Fortunately, this selection bias toward small r p actually helps reveal the paucity of X-ray-luminous nuclei in close pairs. A complete study of the effects of merger-driven AGN must also include interacting galaxy pairs at large separations (10 kpc r p 100 kpc), which should be more favorably targeted by future observations. In zoom-in merger simulations, a galaxy pair would evolve in isolation, i.e., free from perturbation by a third galaxy, which is not necessarily the case in the observations. The comparison may be improved by carefully choosing truly isolated galaxy pairs for future observations (e.g., Argudo-Fernández et al. 2015) . Another mismatch between the current Chandra sample and merger simulations is the fraction of major mergers (usually defined as those having a primary-to-secondary stellar mass ratio ≤ 3), which is ∼50% in the observations. More simulation work is needed to study the triggering of AGN activity in minor mergers (e.g., Yang et al. 2019b ).
SUMMARY
We have presented the first systematic X-ray study of optically selected AGN pairs in a statistical sample (> 10 2 ) at redshift z ∼ 0.1. We have performed X-ray matches and detections with the Chandra data archive for a parent sample of [O III]-selected AGN pairs, a comparison sample of starforming galaxy pairs, and a carefully drawn control sample of single AGNs in isolated galaxies. We summarize our main findings as follows:
1. We have detected at least one compact X-ray nuclei in 57 out of the 67 optically selected AGN pairs. The X-ray detection of both nuclei has confirmed AGN pairs in 18 optically selected systems, including 3 new discoveries of dual AGNs (i.e., AGN pairs with projected separations <10 kpc). The detection rate of X-ray nuclei is significantly higher in AGN pairs than in the comparison sample of star-forming galaxy pairs.
2. We have measured the X-ray 2-10 keV luminosity for the detected X-ray nuclei based on the observed X-ray counts assuming a canonical power-law spectrum. The X-ray 2-10 keV luminosity of most AGN pairs (ranging between 5.4×10 39 -6.0×10 43 erg s −1 ) also substantially exceeds the empirically predicted luminosity by star formation. Our results suggest that a large fraction of the X-ray-detected nuclei are genuine AGNs, lending support to their optical identification.
3. We have studied the X-ray 2-10 keV luminosity of optically selected AGN pairs as a function of projected pair separation (r p ). The X-ray 2-10 keV luminosity increases as r p decreases from 50 kpc to ∼15 kpc. However, it decreases with further decreasing r p at r p <15 kpc, in contrast to theoretical predictions from merger simulations and to the empirical trend previously seen in [O III] luminosity. The apparent scarcity of X-ray luminous nuclei at r p smaller than a few kpc may be caused by heavy obscuration induced by merge-driven gas inflows. Alternatively, this may result from a negative feedback from merger-driven AGNs that already happens at the first pericentric passage and suppresses further black hole accretion or small number statistics.
Our results contribute to the understanding of the accretion and demographics of SMBHs in merging galaxies and the effects of merger-induced AGN on galaxy evolution. The X-ray confirmation of a statistical sample of dual AGNs is only enabled by the synergy between Chandra and SDSS, constituting an indispensable legacy for further more detailed studies. A continued effort of identifying such systems in larger numbers and characterizing their fundamental properties systematically in the X-rays will be highly rewarding. Note-(1) SDSS names with J2000 coordinates given in the form of "hhmmss.ss+ddmmss.s"; (2) Note-(1) SDSS names with J2000 coordinates given in the form of "hhmmss.ss+ddmmss.s"; (2)-(3) Centroid position of the X-ray counterpart; (4) Observed net counts in 0.5-8 (F ) keV bands; (5)-(6) Observed photon flux in 0.5-2 (S) and 2-8 (H) keV bands, in units of 10 −6 ph cm −2 s −1 ; (7)-(8) 0.5-2 and 2-10 keV unabsorbed luminosities, in units of erg s −1 ; (9) Hardness ratio between the 0.5-2 and 2-8 keV bands. Note-(1) Samples;
(2) Number of nuclei in different samples;
(3) Number of detected nuclei in X-ray for different samples; (4)-(6) Number of detected nuclei in the F , S and H X-ray band, respectively; (7) X-ray detection rate. 
